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Electrically conductive blends of intrinsically conductive polymers and thermoplastic polymers and a 
process for their preparation. 



@ A conductive polymeric blend comprises an intrinsically conductive polymer e.g. polyaniline, an 
insulating thenmoplastic material and at least one additive selected from the group consisting of an 
impact modifier, an ester-free plasticizer and an acidic surfactant. The thermoplastic material com- 
prises a themnoplastic polymer e.g. PVC. The conductive polymeric blend has a conductivity of greater 
than about 10~^ S/cm. A process for preparing conductive polymeric blends comprises the steps of 
forming a blend comprising an intrinsically conductive polymer, an insulating themioplastic material 
and at least one additive selected from the group consisting of an impact modifier, an ester-free 
plasticizer and an acidic surfactant. The thermoplastic material comprises a themnoplastic polymer. The 
conductive polymeric blend has a conductivity of from of greater than yabout 10"^ S/cm. 
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TECHNICAL FIELD 

The present invention generally relates to electrically conductive polymer blends. More particularly, th pre- 
sent invention relates to blends of intrinsically conductive polymers and insulating thermoplastic polymers, 
5 especially those requiring the use of ia plasticizer. Specifically, the present invention relates to blends of polyani- 
line and polyvinyl chloride (PVC), including PVC plastisols. chlorinated polyethylene, or other thermoplastic 
polymer. 

BACKGROUND ART 

10 

Intrinsically Conductive Polymers (ICP) have been studied since at the latest the 1970's. The term "ICP" 
refers to organic polymers which have (poly)-conjugated n-electron systems (e.g. double bonds, aromatic or 
heteroaromatic rings or triple bonds). Examples of such polymers are polydiacetylene, polyacetylene (PAc), 
poiypyrrole (PPy), polyaniline (PANI), polythiophene (PTh), polyisothionaphthene (PITN), polyheteroarylen- 

15 vinylene (PArV), in which the heteroarylene group can be the thiophene, furan or pyrrole, poly-p-phenylene 
(PpP), polyphthalocyanine (PPhc) and the like, and their derivatives (fonmed for example from monomers sub- 
stituted with side chains or groups), their copolymers and their physical mixtures. They can exist in various 
states, each described by different empirical formulae, which can generally be converted essentially reversibly 
into one or the other by (electro-) chemical reactions such as oxidation, reaction, acid/alkali reaction or com- 

20 plexing. These reactions are also occasionally known as "doping" or "compensation" in the literature, or can 
be regarded as "charging" and "discharging" in analogy with the electrochemical processes in batteries. At least 
one of the possible states is a very good conductor of electricity, e.g. has a conductivity of more than 1 S/cm 
(in pure form), so one can speak of intrinsically conductive polymers. These fonms of the ICP are generally rec- 
ognized as being polyradicai cationic or anionic salts. 

25 A good overall review of the intrinsically conductive polymers synthesized to date with a chemical structure 

suitable for the present objective, is to be found in Synthetic Metals, Issues 17, 18, and 19 (1986), and in Synth- 
etic Metals, Issues 27, 28 and 29 (1988), which are hereby incorporated by reference. 

Despite several potentially useful properties exhibites by ICPs, their use as conductive materials has been 
limited because they do possess some undesirable properties such as, poor processibility (no melting or glass 

30 transition temperature), poor solubility in the doped form and environmental instability. To be commercially use- 
ful, it is necessary to render these polymers processible by conventional techniques. 

Several articles have appeared in the literature describing ways to overcome the processibility problem. 
These include attempts to synthesize soluble conductive polymers or precursors and/or polymerization of con- 
ductive polymers in situ thereby forming conductive polymer composites. Much of the known work on conduc- 

35 tive composites using intrinsically conductive polymers such as polyaniline and poiypyrrole has gen rally 
included electrochemical or chemical coating of the conductive polymer onto a polymeric substrate or 
electrochemical polymerization onto a swollen polymer using an appropriate solvent. 

For example, U.S. Pat. No. 4,617,228 describes a process for making an electrically conductive composit 
by treating a porous substance such as fiberglass, with the monomer solution, and later treating with an oxidi- 

40 zing agent to produce a conductive composite containing an intrinsically conductive polymer. Similar techni- 
ques using a non-porous substrate and/or via solution of the monomer have been illustrated in U.S. Pat. No. 
4,604,427 and Japanese Pat, No. JP 61,127,737. These composites have failed to yield highly conductive pro- 
cessible blends, and their preparation has proven to be cumbersome. 

Blends of intrinsically conductive polymers with conventional, processible thermoplastics have been 

45 suggested to overcome processibility, such as shown in U.S. Pat. No. 4.935,164 (polymer blends), U.S. Patent 
No. 4,929,388 (conductive pathways). International Patent Application WO 89/02155 and British Patent No. 
2,214,511. These describe post polymerization processes in which the intrinsically conductive polymers are 
present In a dispersed phase in a thennoplastic matrix, yielding good processibility and high conductivity above 
a certain critical volume concentration of the dispersed conductive polymer phase. These processes present 

50 a generally useful procedure to process conductive polymers Into various fonms. 

As used in the art and as employed herein, the terni "polymer blend" is generally understood to mean mac- 
roscopically homogeneous mixtures of partly compatible or incompatible organic polymers. They always con- 
sist of two or more phases. 

Nevertheless there is still a disadvantage resulting from the chemical nature of most of the conductive 

55 polymers which include protonic acids as "dopants". They react directly or indirectly with various functional 
groups present in the polymer matrices which are susceptibi to reactions with acids or bases. More specifically, 
for instance, the basic nature of various homopolymers and copolymers of polyamides (nylons) provides a basic 
environment which leads to partial dedoping (compensation) of the conductive polym r and/or degradation of 
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the polymer matrix. The same result appears to occur with several aromatic or aliphatic esters present in the 
various polyester homopolymers or copolymers (regardless of whether they are aromatic or aliphatic) which 
are used according to the above-hientioned procedures. Polymer matrices such as PVC homopolymers or 
copolymers, chlorinated polyethylene and similar polymeric matrices are used routinely with plasticizers which 

5 have been observed to react with conductive polymers thereby leading to compensation reactions. 

With respect to themno plastic vinyl compounds in general, it Is known in the art to employ a plasticizer as 
a possible major component of a vinyl compound. The selection of the specific plasticizer is based on compati- 
bility with the host polymer, cost and perfomnamce. In order for the plasticizer to be compatible, the solubility 
parameters of the polymer matrix and the plasticizer should match. Typically used plasticizers include phthalate 

10 esters such as dioctyl phthalate and dibutyi phthalate, polyesters, azelates, adipates, sebacates, organic phos- 
phates and the like. 

The "soluibility parameter" is the measure of polarity of a material, and is defined as the square root of cohe- 
sive energy density (CED). Most commonly used plasticizers, such as esters have a solubility parameter in the 
range of 8 to 10 (cal/cm3)i/2. 

15 Ester-type plasticizers are those plasticizers which are formed by the reaction of an acid and an alcohol 

or compounds that contain the following structural unit: 

O 

20 -OO- 

Typicai examples of ester plasticizers include dioctyl phthalate. dibutyi phthalate and the like. Highly polar plas- 
ticizers are those with solubility parameters greater than 11(cal/cm3)i/2 Typical of this class are sulfonamid s, 
which are generally free of ester linkages. 
25 Furthenmore, polymers having acetate, propionate, or other ester groups, are present in various polymers 

of acrylates which are used in pure form or in polymer blends, as impact modifiers in polyvinyl chloride, polys- 
tyrenes and other polymers, have also been observed to react with intrinsically conducting polymers. 

Therefore, a need exists for improving the presently available processing techniques of intrinsically con- 
ductive polymer blends. 

30 

DISCLOSURE OF THE INVENTION 

It is therefore, an object of the present invention to provide a processible, conductive polymer blend which 
includes an intrinsically conductive polymer and an insulating thermoplastic material. 
35 It is another object of the present invention to provide a conductive polymeric blend as above, which pos- 

sesses mechanical properties comparable to polyvinyl chhoride. 

It is a further object of the present invention, to provide blends as above, of "doped" polyaniline and polyvinyl 
chloride, chlorinated polyethylene or other thermoplastic polymer which exhibit high electrical conductivity. 
It is still another object of the invention to provide a blend as above, having a dispersion of polyaniline within 
40 the thernnoplastic matrix containing a plasticizer. 

It is an additional object of the invention to provide improved blends of "doped" polyaniline and polyamides 
(nylons), polyesters or polycarbonates (in the form of homopolymers or copolymers), copolymers of vinyl ace- 
tate, and acrylate homopolymers or copolymers. 

In general, a conductive polymer blend comprises an intrinsically conductive polymer, an insulating th r- 
45 moplastic material and at least one additive selected from the group consisting of an impact modifier, an ester- 
free plasticizer and an acidic surfactant. The insulating thermoplastic material comprises a thermoplastic 
polymer and the blend has a conductivity of greater than about 10^ S/cm. 

A process for preparing conductive polymeric blends according to the invention comprises the step of fonm- 
ing a blend. The blend comprises an intrinsically conductive polymer, an insulating thermoplastic material and 
50 at least one additive selected from the group consisting of an impact modifier, an ester-free plasticizer and an 
acidic surfactant. The thermoplastic material comprises a thermoplastic polymer and the conductive polymeric 
blend has a conductivity of above about 10-^ S/cm. 

These and other objects, together with the advantages over the known compositions and processes shall 
become apparent from the specification which follows and are accomplished by the invention as hereinafter 
55 described and claimed. 
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BRIEF DESCRIPTION OF THE DRAWING 

The drawing figure provides a graphic representation of conductivity test data for conductive blends of the 
present invention in order to demonstrate the effectiveness thereof. 

5 

PREFERRED EfWBODIWiENT FOR CARRYING OUT THE INVENTION 

According to the present invention a highly conductive blend of an intrinsically conductive polynner and an 
insulating thennoplastlc nnaterial Is achieved despite the high polarity and reactivity of the intrinsically conduc- 
10 tive polynaer. The electrically conductive blend may be employed to manufacture articles where it is desirable 
to have electrical conductivities in the range of those possessed by doped polyaniline. For instance, the present 
invention has a particular application for electro-magnetic interference shielding, electrostatic dissipation and 
the like. 

A preferred intrinsically conductive polymer according to the present invention is doped polyaniline. For 

15 example, polyaniline may be doped with protonic acids such as hydrochloric acid or an organic sulfonic acid. 
The insulating themnoplastic material may be a polyvinyl chloride homopolymer or a polyvinyl chloride 
copolymer with vinyl acetate; chlorinated polyethylene; polyamide (nylon); polyester, polyurethane; polyvinyl 
acetate; polyacetate; polyacrylate; and the like, as well as copolymers and mixtures thereof. By "insulating" it 
is understood to mean non-conductive, having a volume conductivity lower than about s/cm. 

20 The invention preferably makes use of from about 1 to about 50 parts of the intrinsically conductive polymer 

blended with from about 50 to about 99 parts of the Insulating thermoplastic material. 

Furthermore, as will be more appreciated from the discussion to follow, the thermoplastic material can com- 
prise 100 percent by weightof a suitable thermoplastic polymer, a blend of a thermoplastic polymer and a plas- 
ticizer a blend of a thermoplastic polymer and an acidic surfactant; or. a blend of a thermoplastic polymer, a 

25 plasticizer and an acidic surfactant. The term "the nmo plastic material" is thus understood to include appropriate 
thermoplastic polymers with or without the additional blend additives. Optionally, an impact modifier may be 
employed as also discussed hereinbelow. 

It is preferred that the themrioplastic polymer be plasticized with a highly polar, ester-free plasticizer. Fur- 
thermore, it is also desirable for the blend to comprise from 0 (if no plasticizer is employed) to about 66 parts 

30 by weight of an ester-free plasticizer per 1 00 parts by weight of the thermoplastic material. Thus, if the amount 
of the ester-free plasticizer is varied between the prefenred range, there is a corresponding change in the 
amount of the thermoplastic polymer in the thenmoplastic material. Heretofore, studies with conventional plas- 
ticizers have not been successful in obtaining a highly conductive blends of polyaniline and polyvinyl chloride, 
chlorinated polyethylene or other themnoplastic materials. This is attributable to the reaction of polyaniline with 

35 conventional esters, resulting in loss of conductivity. 

Highly polar plasticizers, such as the sulfonamides are not compatible with polyvinyl chloride. Polyaniline 
is a highly polar compound. It is an unexpected result that the blends according to the invention and containing 
sulfonamides could be prepared in a superior quality compared to blends with conventional plasticizers. Pre- 
fenred highly polar plasticizers include those having a solubility parameter of greater than about 1 1 (cal/cm3)i/2 

40 Exemplary of the plasticizers which may be employed are n-butyl benzene sulfonamide, n-butyl and n-ethyl 
toluene sulfonamides and other sulfonamides. 

It may also be useful for the blend of the present invention to comprise an acidic surfactant, and prefenrably 
from about 0 (if no acidic surfactant is employed) to about 20 percent by weight based upon the weight of the 
intrinsically conducting polymer. It is also useful to the practice of the present invention if the acidic surfactant 

45 is present as a pre-blend with the intrinsically conductive polymer. For purposes of the exemplary useful ranges 
for the acidic surfactant, it is prefenred that even if present in the pre-blend, the amount of the thermoplastic 
polymer present in the blend Is correspondingly varied as the amount of the acidic surfactant is varied. Polyani- 
line is stable in acidic environments. However, under alkaline conditions, polyaniline loses its conductivity, 
owing to the dedoping or compensation reaction. The presence of an acidic surfactant, in addition to being a 

50 dispersion aid, maintains an environment for polyaniline to remain in the conductive form. Preferred surfactants 
include those having a pH of less than about 6. For example, useful acidic surfactants include organic phos- 
phate esters such as those of nonionic surfactants of ethylene oxide-adduct type, and an acid anhydride dis- 
persants. A useful acid anhydride surfactant is available from Lubrizol Corporation as OS 65238. 

Other surfactants would include those with acid, anhydride or lactone groups, and if employed, the blend 

55 can include up to about 1 part of surfactant for every 10 parts of intrinsically conductive polymer. 

As will be appreciated by those skilled in the art, th present invention also has applicability to preparing 
highly conductive blends of polyaniline/nylon, polyanilin /polyesters, and the like. 

As will be fully addressed herein below, blends according to the present invention possess conductivities 
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above about 10-9 s/cm and preferably in the range of 10-^ to 10 S/cm, and uniform distribution of polyaniline 
The amount of polyaniline can be varied to provide the required conductivity. Furthemiore, impact modifiers 
such as chlorinated polyethylenes and the acrylics, stabilizers and other processing aids may be employed 
as known in th art. ' 

5 As noted hereinabove, polymer blends of the present invention can also include an impact modifier. Impact 

modifiers when employed, are preferably blended with the themioplastic material and include polymers such 
as chlorinated polyethylene. Itwill.be appreciated by one skilled in the art, that certain polymers such as chlori- 
nated polyethylene have application both as the thermoplastic polymer constituent of the thermoplastic ma- 
terial, and as an impact modifier, therefore, when the thermoplastic polymer employed is a useful impact 

10 modifier, additional amounts of that polymer will not necessarily need to be added to the thermoplastic material. 
When an impact modifier Is employed, from about 1 to about 99 percent by weight of the impact modifier may 
be employed with from about 99 to about 1 percent by weight of the thermoplastic polymer. 

Other processing aids may include lubricants, such asmontan ester wax, long chain alcohols and certain 
amid waxes, as known in the art. 



15 



Experimental 



In order to demonstrate the effectiveness of blends according to the present invention, a number of blends 
were prepared employing conventional and electron donating highly polar plasticlzers. The data obtained from 
20 these experiments show the highly conductive nature of blends according to the present invention. Conductivity 
data was collected via the four-point probe method, as is known in the art. The following examples are xpres- 
sed in part by weight. Examples 1-3 show the preparation of the insulating thermoplastic material as a blend 
of a thennoplastic polymer, a plasticizer and chlorinated polyethylene as an impact modifier. 

25 Example 1 



A polyvinyl chloride compound containing 63 parts of homopolymer polyvinyl chloride, 32 parts of a phtha- 
late plasticizer, 15 part of an impact modifier, 2 parts of stabilizer and 3 parts of processing aid was prepared 
by mining on a 2-roll mill. 

Example 2 



A polyvinyl chloride compound containing 63 parts of homopolymer polyvinyl chloride, 32 part of a sul- 
fonamide plasticizer, 15 parts of an impact modifier, 2 parts of stabilizer and 3 parts of processing aid was prep- 
35 ared by mixing on a 2'-roll mill. 



Example 3 

A polyvinyl chloride compound containing 63 parts of homopolymer polyvinyl chloride, 32 parts of a phos- 
phate plasticizer, 1 5 parts of an impact modifier, 2 parts of stabilizer and 3 parts of processing aid was pr pared 
by mixing on a 2-roll mill. 



Example 4 



In order to evaluate and demonstrate the change in conductivity as a function of polyaniline concentration 
(percolation curve) a series of compounds based on Examples 1-3 were prepared by varying the concentration 
of polyaniline between 50 weight percent and 5 weight percent. The starting composition for each series was 
50 parts by weight of polyaniline, 45 parts by weight of polyvinyl chloride compound and 5 parts of an organic 
phosphate ester surfactant 

The conductivity for each was determined and the drawing figure shows a plot of the data. The results 
cleariy indicate the highest conductivity for the polyaniline/polyvinyl chloride compound system containing the 
sulfonamide type plasticizer. 



Example 5 

55 

A composition containing 25 parts by weight of polyaniline and 75 parts of the thermoplastic material of 
Example 1 was prepared and showed a bulk conductivity of 5.6 x lO-s s/cm.. 
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Example 6 

A composition containing 25 parts by weiglit of polyaniline and 75 parts of the themnoplastic material of 
Example 2 was prepared and showed a bulk conductivity of 4.0 x IO-2 s/cm. 

5 

Example 7 

A composition containing 25 parts by weight of polyaniline, 5 parts by weight of an organic phosphate type 
surfactant and 70.parts by weight of the thenmoplastic material of Example 1 was prepared and showed a con- 
to ductivity of 3.8 x 1 (H S/cm. 



Example 8 



A composition containing 25 parts by weight of polyaniline, 5 parts by weight of an organic phosphate type 
15 surfactant and 70 parts by weight of the themioplastic material Example 2 was prepared and showed a con- 
ductivity of 0.35 s/cm. 

Example 9 

20 A composition containing 25 parts by weight of polyaniline and 52 parts by weight of chlorinated 

polyethylene. 15 parts by weight of sulfonamide plasticizer and 5 parts by weight of an organic phosphate ster 
and 2 parts by weight of stabilizer and 1 part by weight of processing aid was prepared by mixing on a two-roll 
mill and was found to have a conductivity of 0.1 S/cm. 



25 Example 10 



A composition containing 39.0 parts of a nylon copolymer, 1 .0 part of montan ester wax, and 5 parts of a 
sulfonamide plasticizer, 5 parts of organic phosphate ester surfactant and 50 parts of polyaniline (PANI) was 
prepared yielding a 50 percent polyaniline blend. This blend was subsequently diluted with a nylon copolymer 
30 to give varying concentrations of polyaniline. The weight concentrations and the respective conductivities are 
listed in Table I hereinbelow. 



TABLE I 



Weight Concentration/Conductivity 

Conductivity 

Weight % s/cm 



5 


2.7 X 10-7 


10 


2.9 X 10-3 


15 


0.13 


20 


0.32 


25 


0.98 


30 


1.85 


40 


3.72 


50 


5.03 



55 Example 1 1 

A composition containing 21 .75 parts of a polyester copolymer, 1 .25 parts of a first lubricant of montan ester 
wax, 0.4 parts of a second lubricant comprising a long chain alcohol, 0.1 parts of stabilizer and 2.5 parts of a 
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10 



15 



35 



40 



Example 12 



PANI 
Weight % 

7 



TABLE II 
Weight Concentration/Conductivity 



8 
9 

20 10 
11 

12 

25 13 

15 
20 

30 30 



40 



Conductivity 

S/cm 
2 X 10-13 

4 X 10-8 

5 X 10-8 
1 X 10-6 
1 X 10-4 
4 X 10-4 
2x 10-3 
1 X 10-2 

0.24 
1.86 
3.13 



D ^ nt^«T"'"'°" r?'."'"^ ^^-^ °^ ' polycarbonate. 4.0 parts of a first lubricant of montan ester wax 
0.5 parts of a second lubricant comprising a long chain alcohol. 0.2 parts of stabilizer and 2 ^1.^!^! ? ' 
cons s«ng of sulfonamide plasticizer. organic phosphate ester'surfa'ctnt In s^^S^^^^^^^ 



45 



50 



55 
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TABLE m 
Weight Concentration/Conductivity 



PANT 


Conductivity 




c / 

S/cm 


12,2 






1 X 10-9 


16.7 


1 X 10-7 


23.4 


2x 10-4 


28.4 


9 X 10-4 


33.5 


5.8 X 10-3 


38.6 


8.2 X 10-3 


44 


0^1 



Based upon the foregoing exennplifrcation. it can be seen that the present invention provides highly elec- 
trically conductive blends of polyanillne and polyvinyl chloride and/or chlorinated polyethylene as well as a pro- 
cess for their preparation. It is to be understood that the examples reported herein have been provided to 
present result obtainable by practice of the disclosed invention. Inasmuch as a wide variety of thermoplastic 
polymers such as polyvinyl chlorides, chlorinated polyethylene, nylons, polyesters, polyacetates, polyacrylates, 
and the like, as well as plasticizers. surfactants, impact modifiers and other component have been disclosed 
for use in conjunction with polyaniline to fomri blends according to the invention, this invention is not limit d to 
the specific examples provided herein. Furthermore, the process for preparing these conductive blends is 
believed to be operable with components, concentrations and conditions, other than those which have been- 
exemplified herein. Thus, it should be evident that the determination of particular coniponents, concentrations 
and other conditions, can be made without departure from the spirit of the invention herein disclosed and des- 
cribed, and the scope of the invention shall include all modifications and variations that fall within the scope of 
the attached claims. 



Claims 

1. A conductive polymer blend comprising: 

an intrinsicaily conductive polymer; 

an insulating thermoplastic material comprising a thermoplastic polymer; and 
at least one additive selected from the group consisting of an impact modifier, an ester-free plas- 
ticizer and an acidic surfactant; 

the blend having a conductivity of greater than about 10-^ S/cm. 

2. A conductive polymeric blend as in claim 1 , wherein said intrinsically conductive polymer is doped polyani- 
line. 

3. A conductive polymeric blend as in claim 1 , wherein said thermoplastic polymer is selected from the group 
consisting of polyvinyl chloride, copolymers of polyvinyl chloride with vinyl acetate, chlorinated 
polyethylene, polyamides, polyesters, polyacetates, polyvinyl acetates, polyacrylates, polyurethanes, and 
copolymers and mixtures thereof. 

4. A conductive polymeric blend as in claim 1 , wherein said ester-free plasticizer Is a sulfonamide, and whe- 
rein said sulfonamide plasticizer is selected from a group consisting of N-butyl benzene sulfonamide, N- 
butyl toluene sulfonamide and N-ethyl toluene sulfonamid . 
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A conductive polymeric blend as in claim 1 , wherein the blend comprises from about 1 to 50 parts by weight 
of said intrinsically conductive polymer and from about 99 to about 50 parts by weight of said thermoplastic 
material, and wherein said thenmoplastic material comprises from about 99 to 1 percent by weight of ther- 
moplastic polymer and from 1 to about 99 percent by weight of said impact modifier. 

A conductive polymeric blend as in claim 1, wherein the blend comprises from about 1 to about 50 parts 
by weight of said intrinsically conductive polymer and from about 99 to about 50 parts by weight of said 
themnoptastic material, and wherein said thermoplastic material further comprises from about 0 to about 
66 parts by weight of said ester-free plasticizerwith an attendant decrease in the amount of said themnop- 
lastic polymer present in said thennoplastic material. 

A conductive polymeric blend as in claim 6, wherein said thenmoplastic material further compris s from 
about 0 to about 20 percent by weight of said acidic surfactant based upon the amount of said intrinsically 
conductive polymer, with an attendant decrease in the amount of said thenmoplastic polymer. 

A process for preparing conductive polymeric blends comprising the step of: 

forming a blend comprising an intrinsically conductive polymer, an insulating thenmoplastic material 

and at least one additive selected from the group consisting of an impact modifier, an ester-free plasticizer 

and an acidic surfactant; 

said thenmoplastic material comprising a thenmoplastic polymer;^ 

such that the conductive polymeric blend has a conductivity above about 10^ S/cm. 

A process as in claim 8, wherein said intrinsically conductive polymer is doped polyaniline. 

A process as in claim 8, wherein the blend comprises from about 1 to about 50 parts by weight of said 
intrinsically conductive . polymer and from about 99 to about 50 parts by weight of said thermoplastic arte- 
rial. 
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